1. Introduction {#sec1}
===============

Coronaviruses are enveloped non-segmented positive-sense RNA viruses belonging to the family Coronaviridae (subfamily Orthocoronavirinae) and the order Nidovirales and broadly distributed in humans and other mammals \[[@bib1],[@bib2]\], including four genuses, Alphacoronavirus, Betacoronavirus, Deltacoronavirus, and Gammacoronavirus. Although most human coronavirus infections are mild, the previous epidemics of two betacoronaviruses, the severe acute respiratory syndrome coronavirus (SARS-CoV) \[[@bib3], [@bib4], [@bib5], [@bib6], [@bib7]\] and Middle East respiratory syndrome coronavirus (MERS-CoV) \[[@bib8], [@bib9], [@bib10], [@bib11]\], have caused more than 10,000 cumulative cases in the past two decades, with mortality rates of 10% for SARS-CoV and 37% for MERS-CoV. The coronaviruses already identified might only be the tip of the iceberg, with potentially more novel and severe zoonotic events to be revealed \[[@bib1]\]. Now, the 2019 novel CoV (2019-nCoV) have led to more than 17,400 cases and 362 death till February 2, 2020.

The global burden of coronavirus needs to be determined. In 2018, the World Health Organization (WHO) held its annual review of the Blueprint List of Priority Diseases, where Coronaviruses were considered and included. These diseases, given their potential to cause a public health emergency and the absence of efficacious drug and vaccine, are considered to need accelerated research and development \[[@bib12]\]. Given the current situation of the 2019nCoV in China and multiple countries in different continents affected, the WHO declared this outbreak as a Public Health Emergency of International Concern (PHEIC) on Thursday, January 30, 2020 \[[@bib13],[@bib14]\].

ProMED (The Program for Monitoring Emerging Diseases) is an internet-based reporting system for emerging infectious or toxin-mediated diseases \[[@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20]\]. It was founded in 1994 and is currently a program of the International Society for Infectious Diseases \[[@bib15], [@bib16], [@bib17],[@bib21]\]. Its mission is to serve global health by the immediate dissemination of information, which may lead to new preventive measures, prevent the spread of outbreaks, and provide more accurate disease control. Its sources of information include media reports, official reports, online summaries, reports from local observers and others \[[@bib21]\]. The reports are reviewed and edited by expert moderators in the field of infectious diseases and are then submitted to the mail server and published on the website and disseminated to subscribers by email. Being a non-profit, non-governmental system, it is free from governmental constraints \[[@bib15], [@bib16], [@bib17],[@bib21]\]. In 2014 had 70,000 subscribers in over 185 countries \[[@bib21]\], and now (2020) is more 80,000 subscribers, representing almost every country in the world, with ProMED staff, moderators, and team, located across 32 countries and are constantly scanning for, reviewing and posting information related to global health security \[[@bib22]\].

We reviewed the coronaviruses incidents reported by ProMED and assessed the reliability of the data retrieved compared to published reports, as has been previously performed for Crimean Congo Hemorrhagic Fever \[[@bib15]\] and melioidosis \[[@bib23]\]. We thus evaluated the effectiveness of ProMED as an epidemiological data source by focusing on coronaviruses.

2. Methods {#sec2}
==========

The keyword "coronaviruses" was used in the ProMED search engine, looking at ProMED-mail (English). We reviewed all the information in the individual reports and collected data using a structured form, including year, country, gender, occupation, the number of infected individuals, and the number of fatal cases.

We also looked into reports of animal disease made during the study period and recorded in ProMED.

3. Results {#sec3}
==========

One hundred and nine entries reported between February 29, 2000 and January 22, 2020 were identified ([Table 1](#tbl1){ref-type="table"} ), 80.9% of them about MERS-CoV. A total of 966 cases were reported, with 188 cases recorded as being fatal, giving a reported CFR of 19.5% ([Table 1](#tbl1){ref-type="table"}). From the total number, 61.6% of cases corresponded to 2019-nCoV, 35.4% to MERS-CoV, 0.8% to SARS-CoV, and 2.2% for the rest of coronaviruses ([Table 1](#tbl1){ref-type="table"}). Gender was only recorded in 70 cases, of whom 47 (67.1%) were male. Of 54 cases for which the age was reported, the median was 60 years (interquartile range 49.0--70.8). Twenty cases were reported as imported, in the United Kingdom, Thailand, France, and the USA, among others ([Table 1](#tbl1){ref-type="table"}).Table 1The number of infected and fatal coronavirus cases reported to ProMED between 2000 and 2020.Table 1CountryInfected patients, nCountry of origin, imported casesReported deaths, nCFR%% SARS-CoV% MERS-CoV% 2019-nCoV%\
OthersChina589345.80.2099.80United Arab Emirates1838043.7010000Saudi Arabia1587144.91.395.603.8Jordan11218.2000100.0United Kingdom[a](#tbl1fna){ref-type="table-fn"}94 from Qatar, 2 from Saudi Arabia (1 died)111.144.411.11044.4Thailand[a](#tbl1fna){ref-type="table-fn"}5China00.000100.00France[a](#tbl1fna){ref-type="table-fn"}21 from Saudi Arabia and 1 from United Arab Emirates00.00100.000Qatar100.0100.0000Japan[a](#tbl1fna){ref-type="table-fn"}1China00.00100.000Nepal[a](#tbl1fna){ref-type="table-fn"}1China00.00100.000South Korea[a](#tbl1fna){ref-type="table-fn"}1China00.00100.000USA[a](#tbl1fna){ref-type="table-fn"}1China00.00100.000[^1][^2]

Most of the cases were reported from China, the United Arab Emirates, and Saudi Arabia ([Table 1](#tbl1){ref-type="table"}). The lowest fatality rates occurred among the imported cases (\<15%). The highest number of cases were reported from Saudi Arabia (44.9%) and the United Arab Emirates (43.7%). The number of reports was higher in 2012--2013 and 2020 ([Fig. 1](#fig1){ref-type="fig"} ).Fig. 1Number of reports on "coronavirus" per year, ProMED, 2000--2020.Fig. 1

Regarding animal disease, thirty-five entries were reported, with 17 reports from USA (48.5%), four from China and four from Brazil, among others ([Table 2](#tbl2){ref-type="table"} ). Among those CoV, characterized, most reports corresponded with equine CoV (20.0%), 11.4% with porcine deltacoronavirus (PDCoV), 8.6% with swine delta coronavirus (SDCV), and 5.4% with the porcine epidemic diarrhea virus (PEDV), among others ([Table 2](#tbl2){ref-type="table"}). From the reports, 36.3% informed on pigs infections, 24.2% on bats and 18.18% on horses, among others.Table 2Coronavirus cases reported to ProMED in animals between 2000 and 2020.Table 2CountryReports%%n, animalsECoVSDCVPDCoVPEDVMERS-CoVOthers CoVUSA1748.5741.217.611.811.80.017.610154China411.430.00.00.00.00.0100.0294Brazil411.420.00.00.00.00.0100.08Saudi Arabia38.570.00.00.00.00.0100.01Canada25.710.0100.00.00.00.00.0N/AEcuador12.860.0100.00.00.00.00.01341Ireland12.86100.00.00.00.00.00.05Myanmar12.860.00.00.00.00.0100.0N/AQatar12.860.00.00.00.00.0100.01UAE12.860.00.00.00.0100.00.014[^3]

4. Discussion {#sec4}
=============

Track infectious diseases trends is a paramount work, especially globally speaking, depending on multiple sources, counting on accurately information when possible, timely and appropriate disseminated to people and healthcare workers that will use it, and this is also a complex case for CoV infections, where systems such as ProMED provide an opportunity to alert the international community to the occurrence of cases around the world, including the identification of new foci of outbreaks \[[@bib24]\]. Coronaviruses cause respiratory and intestinal infections in animals and humans. They were not considered to be highly pathogenic to humans until the outbreak of severe acute respiratory syndrome (SARS) in 2002 and 2003 in Guangdong province, China, as the coronaviruses that circulated before that time in humans mostly caused mild infections in immunocompetent people \[[@bib25]\]. After that, with MERS-CoV, and now in 2020 with the outbreak of the 2019nCoV, there is an increasing concern on highly pathogenic coronaviruses, such as these, but also other human and animal coronaviruses, should be highlighted. As observed in the results of this study, other human coronaviruses, such as HCoV-229E, -HKU1, -NL63 and -OC43 \[[@bib25]\], are poorly reported in posts of ProMED, but also would consequence of weak interest on them, as has been recently evidenced in a bibliometric analysis \[[@bib26]\]. The three highly pathogenic viruses (SARS-CoV, MERS-CoV and 2019-nCoV), cause severe respiratory syndrome in humans, and the other four human coronaviruses (HCoV- NL63, HCoV-229E, HCoV- OC43 and HCoV-HKU1) induce only mild upper respiratory diseases in immunocompetent hosts, although some of them can cause severe infections in infants, young children and elderly individuals \[[@bib25]\], and in immunocompromised patients.

When compared with the information provided by reports in the subject literature, the most notable finding was that the CFR identifiable from ProMED was low in comparison with the published literature 10% for SARS-CoV and 37% for MERS-CoV. The coronaviruses already identified might only be the tip of the iceberg, with potentially more novel and severe zoonotic events to be revealed \[[@bib1]\], but under-reporting of fatal cases by ProMED is not surprising, as the purpose is to act as an early alert system, and outcomes may not be known at the time of posting \[[@bib23]\]. Besides, the data were incomplete with regards to characteristics such as gender, age and occupation (last, no analyzed).

In the present study, the highest numbers of reported cases corresponded with countries well known for having outbreaks of SARS-CoV, MERS-CoV, and the recent 2019-nCoV, autochthonous or imported, which is consistent with the known epidemiology of the disease, then becoming ProMED as a relevant source of epidemiological alerts. Although that ProMED cannot always be regarded as an accurate source of information about the patient outcome, which is not surprising as that is not its purpose.

The current 2019nCoV outbreaks are affecting 27 countries, 16 in Asia (including China), 8 in Europe, 2 in the Americas, and Australia in Oceania. There is still much global concern, considering the PHEIC declared by WHO, but also for the uncertainty of many questions about the clinical features and especially how to deal individually and collectively with the managing of them, including preventive and therapeutically \[[@bib1],[@bib5],[@bib27], [@bib28], [@bib29], [@bib30]\].

Although ProMED proved to be a useful source of information about coronavirus, it was evident that it gave a misleading impression of the distribution and mortality in some areas, as has been previously reported for other infections \[[@bib15]\]. We think it would be useful to consider the adoption of standardized templates for reporting to ProMED in order to enhance the standardization of data and provide clear, accurate and reliable information that could be used in conducting epidemiological analyses to establish the status of emerging diseases and assist in their recognition and control, as has been previously suggested \[[@bib23]\]. Besides, we think it would be useful for reports in one language to be mirrored to ProMED in other languages, especially when it is the language of the country from which the report originated.

Also, ProMED would be partially useful as a source of information for travel medicine practice \[[@bib3],[@bib31]\]. Clinicians in this setting need to consider coronavirus in the evaluation and treatment of patients with febrile illnesses returning from endemic countries, particularly from China, Southeast Asia and Middle East countries, as has been seen in this study. A more accurate knowledge of this disease among physicians in non-endemic areas is needed for better management of imported cases and professional exposures especially with emerging viruses, such as the one causing the 2019 novel CoV \[[@bib1],[@bib27]\], and ProMED would also be a source of epidemiological information when giving pre-travel advice and post-travel consultation.

Also, to all of this, another critical aspect, in the context of reports on CoV at ProMED, is to have them on the occurrence of infections in animals. Currently, there is significant concern about the animal origin of the 2019nCoV, probably on bats, but also suggested on other mammals, birds and even snakes \[[@bib25],[@bib32], [@bib33], [@bib34]\]. It is imperative that animal reservoirs that transmitted the 2019nCoV to humans be identified as quickly as possible to aid in the control of this disease. It is thus urgent that the results of animal testing from the seafood market in Wuhan, where the virus was initially isolated, be released as soon as possible \[[@bib34]\].

In different regions, strategies for surveillance and recognition of coronavirus infections need to be strengthened. Working groups of national infectious disease societies could help to increase awareness among general and infectious disease practitioners, but might also influence public health authorities by suggesting that CoV infections become notifiable diseases in each country.

It should be highlighted that the reliability of ProMED information when issuing from the general press, could be questioned. However, also uses as sources the WHO, the Pan American Health Organization/WHO (PAHO/WHO), other WHO regional offices, the U.S. Centers for Disease Control and Prevention (CDC), among other official agencies. Sometimes, also papers from scientific literature, are highlighted and posted in ProMED.

Rapid dissemination as trying continuously ProMED since 1994, in emerging infectious diseases, such as is the case of SARS-CoV, MERS-CoV and now 2019-nCoV, is remarkably. Even also, now scientific and especially medical journals are open to make a rapid dissemination of information, expeditely peer-reviewed, in order to place online relevant information during the epidemics \[[@bib35]\]. This has been the case of the Lancet, the New England Journal of Medicine, F1000 Research, Viruses, and Travel Medicine and Infectious Diseases, among other journals \[[@bib34],[@bib36],[@bib37]\].

In conclusion, information systems such as ProMED provide insight through daily reports of the occurrence of both individual cases and clusters of infectious diseases. This helps the rapid dissemination of knowledge of the current global situation of emerging infectious diseases and their outcomes in terms of morbidity, disability, and death. However, the data on ProMED is often incomplete and it is essential to continue improving and supplementing these systems to allow a more precise knowledge of the worldwide epidemiology of emerging diseases such as coronavirus infections.
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